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Have unexpected conditions been found by Curiosity?

Have features formed by liquid water been found in Gale Crater?
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Predicted Environmental Conditions

ÅMeasurements of the Gale Crater 

region from Mars Global Surveyorôs 

Thermal Emission Spectrometer 

(MGS-TES) found nighttime 

temperatures to be 175-200K.

Å MGS-TES found the column 

abundance of water vapor to vary from 

5-20 microns in thickness, if all the 

vapor were precipitated onto the 

surface as condensate.

Å These values are typical of the very 

cold and dry condition across Mars.
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Measured Environmental Conditions

Curiosity measures air temperature and relative humidity (RHa) at 1.6 m 

above the ground.  RHa is near zero during the daytime but increases at 

night, when temperatures are at their minimum.
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[Savijarvi et al., 2014]
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Measured Environmental Conditions

Å The upper left plot shows the 

maximum RHa each sol, which 

occurs pre-dawn when temperatures 

are coldest (<< 0° C).

Å The lower left plot shows that the 

measured RHa values are consistent 

with the MGS-TES measurements 

of column water abundance.

5

 0

 20

 40

 60

 80

 100

 0  100  200  300  400  500  600  700  800  900  1000

151 208 272 333 25 70 116 167 227 292.2 350

M
a
x
 R

H
(%

) 
a
t 
1
.6

 m

Sol number

Ls

Spring Summer Fall Winter Spring Summer

[Martinez et al., 2016]

[Harri et al., 2014]



Mars Science Laboratory ProjectJet Propulsion Laboratory

Measured Environmental Conditions

Summary

Å Gale Crater is extremely cold and dry, as predicted prior to landing, and 

similar to Mars in general.

Å Water vapor is present at 10s of parts per million in the atmosphere, 

equivalent to several microns in thickness if the entire vertical column were 

condensed.

Å As is possible across Mars, water vapor near the surface likely adsorbs onto 

regolith, resulting in a daily or seasonal surface-atmosphere exchange 

[Savijarvi et al., 2016].  Water vapor may also exchange with hydrated 

minerals or salts.  These processes are difficult to directly observe with other 

instruments.  They do not involve the liquid phase (with the exception of 

deliquescence, discussed later).

Å Relative humidity is near zero for most of each sol. However, when 

temperatures become very cold at night, RHa can increase to several 10s of 

%.  This raises the possibility of frost or brines at ground level, where 

temperatures are even colder.
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Hidden Valley
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Potential Brine Formation

Å Measured ground temperature and estimated RHg pass through the 

equilibrium conditions required for liquid brine formation for ~ hours during 

some nights around the winter season.

Å The conditions are far outside those defined as COSPAR special regions.
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Left: phase diagram for 

calcium perchlorate 

showing where ice, brines, 

and hydrated phases may 

exist.

The dots are REMS 

measurements when water 

activity is maximum 

(colored dots) and when 

brine conditions are met 

(light blue).

[Martín-Torres et al., 2015]

RHg/100

-28°C

Frost?
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Potential Brine Formation

ÅREMS measurements were within equilibrium conditions for Ca-

perchlorate brine for several hours on nights around the winter season 

(at some locations) and more transiently at other times of the year.
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[Martín-Torres et al., 2015]



Mars Science Laboratory ProjectJet Propulsion Laboratory

Potential Brine Formation

Summary

Å Calculations using measured temperatures and RHa, and extrapolating to 

RHg, find that equilibrium conditions for perchlorate brines are predicted 

during the night on some sols of the mission, primarily around winter.

Å Equilibrium conditions do not necessarily result in brine formation.  

Formation would also depend on the kinetics of the phase change and the 

availability of water.  Conditions at Gale Crater are on the edge of stability 

and exist for short durations (hours).

Å No direct evidence of brines (or the frost that also is predicted with the 

estimated RHg) has been found at Gale Crater.

Å Key implications of our Martín-Torres et al. paper:

ï Equilibrium conditions for brine in Gale Crater are far from those considered 

relevant for Special Regions, due to both extreme cold and low water activity.

ï Given that perchlorate salts may be widespread across Mars, brine formation may 

be more likely than previously thought, especially where water is more abundant 

than in Gale Crater.
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Sol 712 Navcam mosaic taken from the floor of Hidden Valley. The 

arrow marks a dark slope feature.



Sand Bank on Top of Broken Rocks

This feature in 

following slide

Note funneling 

of sand
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